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INDIVIDUAL DIET VARIATIONS IN A WINTERING POPULATION OF 
B LACK REDSTART PHOENICUR US OCHRUROS: RELATIONSHIPS 
WITH BIRD MORPHOLOGY AND FOOD AVAILABILITY 
José A. H6DAR* 
Populations are generally considered to be composed not of identical 
generalist individuals using ali available resources in the same way and with 
similar efficiency, but of morphologically variable individuals that show individual 
variation in resource exploitation (Via & Lande, 1 985). The former variability 
must produce the latter in a predictable way - that is, if the individual does not 
choose its diet in an optimal way according to its own morphology, the result is a 
negative differentiai fitness (Pyke, 1 984; Stephens & Krebs, 1 986). One of the 
basis of ecomorphology is that past natural selection acting on heritable variation 
has selected the organisms showing the best relationship between morphology and 
behaviour. Morphological traits usually have a high heritability (Falconer, 1 989), 
and consequently are the raw material for natural selection (Endler, 1 986). 
However, a given individual with fixed morphology can also show variety and 
flexibility in resource exploitation. These sources of variation in the niche width of 
a species are referred to as within- (individual flexibility) and between-phenotype 
(individual differences) (Van Valen & Grant, 1 970; Roughgarden, 1 972, 1 974) . 
Analysis of resource use in this way enables us to separate the proximate, or 
ecological, factors determining niche width, and the ultimate, or evolutionary, 
determinants of the mean and variance in the different phenotypes of a given 
population (Priee, 1 987).  
Thi s path of analysis, however, has been rarely taken into account. In birds, 
most ecomorphological studies deal with different species, and look for correla­
tions between morphology and resource use of these species (e.g. Carrascal et al. , 
1 990; Landmann & Winding, 1 993 ; Moreno & Carrascal, 1 993) .  This analysis, 
however, reveals only the consequences of past processes, and not the process 
itself. Similarly, many authors report individual variation in resource use (e.g.  
Partridge, 1 976;  Inman et al. , 1 987).  By contrast, studies matching this variation 
with morphological characteristics of individuals are surprisingly scarce (Herrera, 
1 978b; Priee, 1 987 ; Gosier, 1 987) .  
A critical question correlating morphology and resource exploitation is the 
effect of resource supply (Wiens, 1 989). Differing efficiencies in resource 
exploitation will result in differentiai fitness only in resource-limited situations, 
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e.g. food shortage. When food is scarce and the relative abundances of the food 
types varies, animais must find more quality or quantity of food in order to survive, 
implying, respectively, a specialization in profitable but scarce resources or a 
generalist exploitation of ali available resources. A priori, generalists might be 
expected to have higher fitness than specialists (Via & Lande, 1 985) .  However, the 
appearance of specialists in periods of food shortage has been reported elsewhere 
(Grant & Priee, 1 98 1 ;  Schluter et al. , 1 985;  Priee, 1 987, on Darwin' s  finches) . 
In this paper, I address the question of how individual wild birds of a given 
species confront a situation of food shortage, analysing the relationships between 
the morphology of each individual and its diet, and taking into account the effect 
of resource availability. For this study, I have used Black Redstart (Phoenicurus 
ochruros) wintering in Guadix Basin (southeastem Spain) . This species roosts in 
caves to avoid law noctumal temperatures :  roosts are virtually constant for each 
bird throughout the winter, allowing a repeated sampling of faeces, a source that 
offers a representative view of insectivorous bird diet (Ralph et al. ,  1 985) .  The 
ecomorphological hypotheses predicts that individual birds with different pheno­
types should have different diets according to morphological characteristics .  The 
alternative is that individual birds should be equally generalist, whereupon 
different phenotypes should show no differences in diet. Furthermore, I analyse the 
survival advantages of other wintering strategies in relation to the diet choice. 
STUDY AREA 
The study was carried out in the Guadix basin (Granada province, southeast­
em Spain), a Neogene basin composed mainly of clay soils .  In law areas appears 
a bad-land landscape eroded by seasonal watercourses, called "ramblas" . Most of 
the area is dedicated to cereal crops ;  the vegetation of the ramblas are shrublands 
with Salsola oppositifolia, Artemisia spp. and Retama sphaerocarpa. The climate, 
arid continental Mediterranean, has an annual rainfall average of 300 mm with 
only 55 rainy days per year. During 1 990- 1 992 a mild drought occurred with 
annual rainfalls of 244, 263 and 336 mm. The average winter temperature 
ftuctuates around 4-6 °C, with an average minimum and maximum of 0 oc and 
1 1  °C, respectively (Castillo-Requena, 1 989) . Although daytime temperatures can 
reach nearly 20 °C, sub-zero temperatures are frequently registered at night (as 
low as - 1 4  °C) . 
METHODS 
B IRD SAMPLING PROCEDURE 
Throughout December and January in 1 990- 1 99 1  and 1 99 1 - 1 992, I made 
noctumal visits to abandoned caves containing sleeping birds in three zones of the 
Guadix basin : Fuente Alamo, Heman Valle and Cuevas del Burrero. In each case, 
the cave was closed with a sheet and the birds were dazzled with a bright lantem, 
and then caught by hand or net. Each bird was identified and ringed, and 
morphological characters were measured. The perch was examined, and corre-
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sponding faeces were collected. The faeces were preserved and assigned to the
owner of the perch. 1 discarded samples which were from perches with more than
one bird, old or fragmented, at ali doubtful in terrns of source. 
Each cave was usually occupied by only one bird; rarely two or three birds 
shared a cave. Birds did not change caves or perches when disturbance was 
minimal, allowing periodic sampling of perches. The most extreme case was an 
adult female that passed two consecutive winters exactly in the same perch of a 
cave, and during the third winter, moved only 10  rn to the closest cave in the zone, 
after a total of twelve recaptures .  
Morphological measurements of birds included: bill length, from the tip of 
the bill to the base of the skull ;  bill depth and width, at the anterior edge of the 
nostrils; exposed culmen, length of the bill from feathering; rictal bristles; wing 
length, with the maximum chord method; wing roundness, measured as the 
distance from the wing tip to the shortest secondary ; tai! length; tarsus length 
(bent) ; hi nd and middle claw length; and weight (Leisler & Winkler, 1 99 1  ). Bill, 
bristles and legs were measured using a digital caliper (precision 0.05 mm); wing 
and tai! with a stop-zero rule (0.5 mm), and weight with a spring scale (0. 1 g) . Fat 
deposition was estimated visually in seven classes (0-6) according to Petersson & 
Hasselquist ( 1 988) .  
DIET DATA 
Faeces were dispersed in water and examined with a binocular microscope 
( 1 0-40x) using an ocular micrometer, identifying prey to the lowest possible 
taxonomie leve! . Sorne prey parts were measured, estimating the size and biomass 
of the entire prey, by a series of equations developed from a group of arthropods 
collected in the study area (H6dar, 1 996a, in press). For ana1ysis, diet data were 
tabulated for each bird, as the frequency of each prey category (number of preys 
be1onging to one category with respect with the total number of preys) both for 
taxonomie groups and prey size classes. 
A diversity-cummulative curve (Magurran, 1 988) showed that dietary diver­
sity for each bird was asymptotic in 8- 1 2  samples. Therefore, 1 have selected
1 4  birds for individual analysis, those with a minimum of 1 2  faeces sampled: four 
from Fuente Alamo, six from Heman Valle and four from Cuevas del Burrero, ali 
caught the winter 1 990- 1 99 1 .  
PREY AVAILABILITY 
Diet data were compared with availability, measured in four different 
biotopes in the Guadix basin during the winter of 1 990- 1 99 1 :  cereal crops, fallow 
land, Salsola-Artemisia scrubland and Retama shrubland. The four biotopes 
represent usual foraging zones of the Black Redstart in the Guadix area. Twe1ve 
unbaited pitfall traps were p1aced in each biotope every two weeks (48 in total for 
each biotope). Effectiveness of the pitfall traps depended heavily on arthropod 
mobility, and thus dormant insects (e.g. Orthoptera) are underestimated, as are 
groups linked to restricted microhabitats (soi! weevils in litter soi!, see Discussion) 
that the Black Redstart can readily find by active search. However, the wintering 
Black Redstart hunts most of its prey on the ground (Zamora, 1 992), and pitfall 
traps are considered an adequate estimate for soi! arthropods as food availability 
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(Cooper & Whitmore, 1 990) . Thus, although no method of collecting insects gives
an accurate idea about the bird' s perception of availability, 1 chose pitfalls as an 
appropiate estimate of arthropod availability for the bird in the Guadix Basin 
during the study period. Arthropods caught in traps were identified to the lowest 
possible taxonomie level, and their length measured (0. 1 mm accuracy) . The 
capture time per sampling was 48 h, but due to the low noctumal temperatures, 
arthropod activity was restricted to daytime. 
ST A TISTICAL PROCEDURES 
Concordance between bird prey and arthropod availability was measured
using Spearman rank correlation. Before perforrning the correlations, 1 removed
Acarina and Collembola from availability samples, because these groups were
never eaten by the birds. 1 analysed the preferences of the Black Redstart for the
different prey types, according to either taxonomie identity or sizes, using Jacobs ' 
( 1 974) index S of selectivity. The S was calculated using availability samples of 
the four biotopes separately and pooled, both ways giving similar results . Only 
values with pooled biotope availability are presented. 
Principal Components Analysis (PCA) was used to analyse bird biometry and 
diet (both taxonomy and prey sizes) (Ludwig & Reynolds, 1 988) .  The PCA 
procedure reduces the original number of variables and allows easier comparisons
between the different types of data. 1 have considered only the axis with the
eigenvalue > 1 .  Prior to ali analyses, biometrie data were log-transformed, and diet
data arcsin transformed, in order to normalize the variables (Zar, 1 996). 1 have not
divided Iineal bird-biometry variables by cube root of weight to a void the effect of 
body size, a procedure usually employed when different species are analysed 
together. Non-standardized values of variables have a more direct relationship to 
prey sizes (Carrascal et al. , 1 990) , and within the same species, differences in size 
can have as much as or even more value than differences in shape among 
individuals. To investigate the relationship between bird morphology and diet data,
1 correlated the individual scores of each bird used in the PCA based of biometry
(hereafter PCM) with those obtained in prey taxonomy and prey sizes (hereafter 
PCT and PCS respectively) using the Pearson correlation, with sequential
Bonferroni adjustment (Rice, 1 989). For prey data, either taxonomy or size, 1 used
each excrement as a unit sample in the PCA analysis ;  correlations with bird­
morphometric scores were made taking the arithmetic mean of diet scores in each 
axis for ali faeces belonging to the same bird. The G log-likelihood test was used 
to analyse prey taxonomie differences between birds and zones, and nested 
two-way ANOVA (Zar, 1 996), with individual birds nested within zone, for 
prey-size differences. 
RESULTS 
MORPHOLOGICAL ANAL YSIS 
Variability in measured morphological variables was diverse, with CV values
from 2.3 % to 1 3 .3 % (Table 1). Claw, bristle, weight and roundness were the
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TABLE 1
Descriptive statistics for the biometry of 14 Black Redstarts selected for diet analysis.
All measurements in mm except weight, in grams. 
Variables MEAN cv Range 
B ill length 1 6.65 3 .79 1 5 .80- 1 7 .65 
Bill depth 3 .20 3 .36 3 .00-3.35 
Bill width 3 .39 3 .89 3 . 1 5-3 .60 
Cul men 9.74 2.69 9 .20- 1 0. 1 0  
Bristles 6.35 1 1 .52 5 .25-7 .95 
Wing length 85 .65 3 .08 80.00-89.00 
Wing roundness 1 9.73 8 .92 1 7 .50-22.50 
Tail 62. 1 4 4. 1 3 56.00-66.00 
Tarsus 23.37 3 .74 2 1 .45-24.90 
Hind claw 5 . 85 7.34 5 .30-6.80 
Middle claw 4.33 1 3 .29 3 .65-5.75 
Weight 1 7 .25 9 . 1 4  1 5 .00-20.00 
morphological variables with the largest variation between selected birds. Almost 
ali birds had strong fat reserves (measured as fat state); only two birds exhibited 
a fat state of 3, whereas 8 1 .3 % (n = 80) scored 5 or 6 (Fig. 1 ) . 
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Figure 1 .  - Fat scores recorded i n  Black Redstarts wintering i n  Guadix ( n  = 80). 
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PCM reduced 1 2  variables to 5 axes, with 86.5 % of the total variance 
(Table Il) . Bristles, claws and weight were included on the first axis .  The second 
included bill depth and width; third included culmen and tarsus .  Wing and tai! 
accounted in fourth axis, and bill length rests in fifth axis .  
TABLE Il 
Principal compone nt analysis with the twelve biometrie variables taken in the 14 Black
Redstarts selected for diet analysis, showing the correlations between variables and 
components. 
Axis PCM l PCM2 PCM3 PCM4 PCM5 
Eigen value 4.06 2 . 1 6  1 .65 1 .29 1 .2 1  
% total variance 33.83 5 1 .82 65 .59 76.36 86.46 
Bill length - 0. 1 6  - 0. 1 9  0.05 - 0.01  0.92 
Bill depth 0. 1 5 - 0.83 0.29 - 0.03 0.27 
Bill width - 0.30 - 0.84 - 0.20 0.22 - 0.04 
Culmen 0.25 - 0.26 0 .8 1 - 0.01  - 0.06 
Bristles 0.75 - 0.22 0.04 0.29 - 0.42 
Wing length 0.27 - 0.09 0.03 0.92 - 0.00 
Wing roundness 0. 19 0. 1 0 0. 1 7 0.80 - 0.27 
Tail 0. 1 2 - 0.20 0.01 0.85 0.27 
Tarsus - 0. 10 0. 1 5 0.86 0. 1 6 0. 1 1
Hind claw 0.90 0.01 - 0.09 0. 1 7 - 0.21  
Middle claw 0.85 0.25 0.27 0. 1 4 0.07 
Weight 0.72 0.09 0.06 0.37 0.5 1 
A total of 1 93 faeces were analysed ( 1 2- 1 7  for each bird), and a total of 1 745 
prey deterrnined. Worker ants (Messor spp . ,  Camponotusforeli and Crematogaster 
sp.)  were the most abundant prey, with a frequency of 68 .9%, and were present in 
samples of ali birds exarnined (Table III) . Curculionidae was the next most 
consumed prey; these two groups together accounted for 86. 1 % of prey frequency 
in diet. However, these two groups represented on the average only 56.4 % of 
biomass consumed by birds, although the percentage was highly variable between 
birds. The other food types, though less frequent, represented 43 .6 % of biomass 
consumed by birds (Table III). There were significant differences between the 
three zones in the taxonomie composition of diet (G = 1 8 1 .6,  df = 1 2, p < 0.0001 ) . 
Sirnilarly, individual birds exhibited differences in their diets (G = 6 1 8 .5 ,  df = 65, 
p < 0.000 1 ) . 
Prey size was estimated for 1 339 prey (29- 1 75 for each bird) . Prey sizes 
showed a strong peak between 2 and 4 mm (86.0 % of measured prey), because of 
the high frequency of worker ants and soil weevils. Differences in prey size 
showed highly significant differences both for individuals and the bird-excrement 
interaction (Table IV). 
Six PCT axes accounted for 6 1 .5 % of the total variance (Table Va). 
Forrnicidae and Curculionidae, the main prey types, appeared on the fist axis ;  only 
82 -
TABLE III 
Prey taxonomy, prey sizes (in mm) and percentage of biomass given by ants, soit weevils and other preys in the 14 Black Redstarts selected for 
ecomorphological analysis. Availability data are also shawn, as prey caught with pitfall traps in the four habitats sampled. FA = Fuente Alamo, H = 
Herndn Valle, CB = Cuevas del Burrero; CER = ce real crop, FAL = fallow land, SCR = Salsola+Artemisia scrubland, RET = Retama shrubland. 
Bird samples Availability samples 
Prey taxa FA! FA2 FA3 FA4 HV 1 HV2 HV3 HV4 HV5 HV6 CB I CB2 CB3 CB4 CER FAL SCR RET 
Araneae 0 0 1 2 0 0 0 0 0 0 0 0 1 1 8 I l  4 3 
Myriapoda 0 0 0 0 0 0 0 0 0 0 4 1 2 0 0 1 0 0 
Orthoptera 1 3 14  0 1 0 0 0 2 0 4 5 5 3 0 1 0 0 
Dermaptera 3 2 7 1 0 4 4 4 3 0 2 1 0 0 0 0 2 24 
Lepidoptera L. 0 1 0 0 0 0 0 0 0 10  0 0 0 0 0 1 1 2 
Carabidae 1 2 3 1 0 1 0 0 1 0 0 1 0 0 9 8 5 6 
Tenebrionidae 0 0 0 0 3 1 0 0 0 0 3 0 2 1 0 0 0 0 
Chrysomelidae 0 1 2 0 0 2 0 2 2 0 0 0 2 3 0 2 0 0 
Curculionidae 43 1 3 1  1 0  1 1  20 9 1 3  25 16  1 3  5 3 0 1 4 4 10  9 • 
Aphodiidae 0 6 0 0 1 1 0 4 3 7 1 0 0 0 2 1 0 0 
00 Coleoptera oth. 7 1 9 7 7 I l  7 0 9 6 9 4 4 2 14  7 5 9 
....., Formicidae 52 40 79 2 12  83 76 146 85 95 5 1  79 67 47 9 1  3 7 6 1  63 
Insecta others 1 1 1 2 0 1 1 1 0 0 0 0 0 1 19  23 1 6  1 6  
Insecta not eaten 25 34 24 24 
TOTAL 108 1 88 1 26 236 1 1 5 106 1 7 1  1 2 1  1 3 1  87 107 82 63 103 84 100 1 35 156 
Prey size classes 
0-2.0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 4 1 2  4 3 
2. 1 -4.0 70 !58 72 168 82 68 138  84 89 58  63 43 2 1  38 29 1 3  58  46 
4. 1 -6.0 8 I l  2 4 4 3 2 8 I l  7 8 9 2 9 19  2 1  32  41  
6 . 1 -8.0 1 1 2 1 0 2 1 3 4 1 0 0 3 2 3 9 I l  3 1  
8 . 1 - 10.0 0 0 0 1 0 0 0 1 0 0 0 2 0 0 2 3 1 3 
10. 1 - 14.0 3 0 1 1 0 1 3 3 3 1 6 2 0 2 3 7 1 3 
14. 1 -20.0 0 3 2 0 0 3 1 1 3 6 2 1 2 1 1 1 4 4 
> 20. 1  0 2 9 0 1 0 0 0 0 3 1 3 0 1 0 0 0 1 
TOTAL 83 175 88 175 87 77 145 100 1 10 76 8 1  60 29 53 59 66 I l l  132  
% biomass ants+weevils 58 50 6 83 45 41 76 80 53 25 24 27 1 2  3 3  
% biomass others 42 50 94 17  55  59  24 20 47 75 76 73 82 67 
TABLE IV • 
Nested two-way ANOVA of prey length in the 14 Black Redstarts selected for diet
analysis. 
Source of variation df Sum of Squares Mean of Squares F-ratio P-value 
Excrement 1 0.00 1 0.004 0.087 0.7682 
Zone 2 0.2 1 2  0. 1 06 2.387 0.0928 
Bird x Excrement 1 3  1 .7 1 0  0. 1 32 2.995 0.0003 
Bird (Zone) 1 1  1 .550 0. 1 4 1 3 . 1 1 6  0.0003 
Residual 1 3 1 7  58.621 0.045 
TABLE V 
Principal components analysis with the 13 taxonomie prey groups (A) and 8 prey size
classes (B) recognized in the diet of 14 Black Redstarts selected for diet analysis,
showing the correlations between variables and components. Prey size class in mm. 
A 
Axis PCTl PCT2 PCT3 PCT4 PCT5 PCT6 
Eigen value 1 .79 1 .49 1 .29 1 .2 1  1 . 17 1 .06 
% total variance 13 .75 25 . 1 7  35 .07 44.40 53 .40 6 1 .53 
Araneae 0. 1 1 0.03 - 0.04 0.09 0.72 - 0.01 
Myriapoda 0.02 0.02 0.08 0.68 - 0. 1 2  0.21 
Caelifera - 0. 1 2  0.26 - 0.02 0.24 - 0.33 0.54 
Dermaptera - 0. 3 1  0.08 0. 1 0 - 0.03 0.7 1 0.06 
Lepidoptera Larv. - 0. 1 3  - 0.75 0.07 - 0.05 - 0.09 0.02 
Carabidae - 0.08 - 0.03 - 0.78 - 0.02 - 0.07 0. 1 8
Tenebrionidae 0.08 0.05 - 0.76 - 0.07 0.03 - 0. 1 9  
Chrysomelidae - 0.30 0.32 0.07 - 0.30 0.03 0.32 
Curculionidae - 0.76 - 0. 1 4  0. 1 4 - 0. 1 9  - 0.09 - 0. 1 2  
Aphodiidae - 0.04 - 0.75 - 0.04 - 0.02 0.01 0.02 
Co1eoptera others - 0.04 0.06 0.03 0.74 0.23 0 . 19  
Formicidae 0.88 0.02 0.2 1 - 0.30 - 0.25 - 0.01 
Insecta others - 0.23 0.24 0.01 0.07 - 0.22 - 0.72 
B 
Axis PCS 1  PCS2 PCS3 PCS4 PCS5 
Eigenva1ue 1 .73 1 .2 1  1 . 1 4 1 .09 1 .03 
% total variance 2 1 .63 36.70 5 1 .0 1  64.59 77.50 
0-2.0 - 0.04 - 0.08 - 0.02 0.98 - 0.04 
2. 1 -4.0 - 0.79 - 0.34 - 0.26 - 0.32 - 0.29 
4. 1 -6.0 0.77 - 0.23 0. 1 1 - 0. 1 0  - 0.08 
6. 1 -8.0 0.08 0.03 0.9 1 - 0.04 - 0.04 
8 . 1 - 1 0.0 0.60 0. 1 4 - 0.4 1 - 0. 1 2  - 0.06 
10. 1 - 1 4.0 0.08 0.78 - 0. 1 4  0.09 - 0. 1 4  
14 . 1 -20.0 - 0.07 0.67 0. 1 4 - 0. 1 8  0. 1 3
> 20 0.0 1 - 0.02 - 0.03 - 0.04 0.99 
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Chrysomelidae did not appear on any axis .  Five PCS axes accounted for 77.5 % of 
the total variance (Table Vb),  and the three main size classes were included in the 
first axis .  
RELA TIONSHIP DIET -A V AILABILITY 
Concordance between diet and availability was found especially with data 
from the Salsola-Artemisia scrubland (4 birds with p < 0.05 in taxonomy and 4 in 
size distribution) and the Retama shrubland (3 and 6), whereas concordance with 
cereal crops and fallow land were rare, either in taxonomy ( 1  and 1 )  or in sizes ( 1  
and 1 ,  respectively). Only one bird showed no correlation with p < 0. 10. 
Selectivity showed positive values for Formicidae and size class 2. 1 -4.0 mm 
(Table VI) ; Orthoptera, Curculionidae and large prey sizes showed values close to 
O. Ali other groups given negative values of S. Nevertheless, the average 
selectivity values for selected birds contrasted with selectivities calculated after 
pooling the diet of the same birds. Pooled data generally offered higher values of 
selectivities than did average values (Table VI) .  The distribution of S ' s  individual 
values for ail birds is plotted in Fig. 2. The presence of only a modal class in - 1 .0 
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Figure 2. - Plotted values of selectivity for the 14 Black Redstarts selected for diet analysis. 
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indicates rejection through different individuals of severa! prey classes. Values up 
to 0 are rare, almost restricted to worker ants, and variation among individuals in 
prey selection is substantial (see SD values in Table VI) . 
TABLE VI 
Selectivity values (Jacobs ' S index) obtained with poo led availability data. Left column 
o./fers mean and standard deviation of the values obtained in each of 14 Black
Redstarts selectedfor diet analysis, right column offers the values obtained pooling the 
diet of ali birds. Tenebrionidae was pooled with other Coleoptera, because no beetle 
of this family was caught in pitfall traps. Prey size class in mm. 
Group/size c1ass mean ± SD Poo1ed 
Araneae - 0.93 ± 0. 1 2  - 0.93 
Myriapoda - 0.64 ± 0.72 - 0.05 
Orthoptera 0. 1 7 ± 0.9 1 0.82 
Dermaptera - 0.61  ± 0.33 - 0.55 
Lepidoptera Larv. - 0.84 ± 0.49 - 0.43 
Carabidae - 0. 87 ± 0. 1 6  - 0. 85 
Chrysome1idae - 0.35 ± 0.70 - 0.05 
Curculionidae 0. 10  ± 0.56 0.49 
Aphodiidae - 0.70 ± 0.40 - 0.60 
Co1eoptera others - 0.35 ± 0.33 - 0.35 
Formicidae 0.63 ± 0.30 0.66 
1nsecta others - 0.97 ± 0.03 0.96 
0.0-2.0 - 0.96 ± 0. 1 0  - 0.96 
2. 1 -4.0 0.78 ± 0. 1 2  0.82 
4. 1 -6.0 - 0.68 ± 0. 1 8  - 0.7 1  
6. 1 -8.0 - 0. 8 1  ± 0.20 - 0.85 
8 . 1 - 1 0.0 - 0.86 ± 0.32 - 0.80 
10. 1 - 1 4.0 - 0.36 ± 0.45 - 0.27 
14 . 1 -20.0 - 0.26 ± 0.53 - 0. 1 2  
> 20. 1 - 0. 1 4  ± 0.87 0.54 
RELATIONSH1P DIET-MORPHOLOGY 
The scores of birds in the five morphological axes PCM 1 -PCM5 were 
correlated with the mean bird scores in the six axes of taxonomic prey PCT I -PCT6 
and the five axes of prey size PCS 1 -PCS5 ,  and also with the mean and the standard 
deviation of prey length, and Shannon diversity index of taxonomy and prey size 
for each individual bird. Only five out of 75 correlation tests were significant with 
p < 0.05, a figure included in the 5 % expected by random (X2 = 0.58,  p = 0.46,
df = 1 ) . In fact, significant correlations were discarded as spurious after correction 
with sequential Bonferroni, and none of the correlations performed could be 
considered significant, even at a = 0. 1 0  table level . 
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DISCUSSION 
The foraging pattern of Black Redstart wintering in Guadix basin corresponds 
to a nonselective, generalist feeder. It shows a high foraging rate of about 
7 .7  captures/min, and completely, and apparently with ease, changes its summer 
foraging pattern: from mainly perch-gleaning and aerial hawking, to ground­
gleaning and perch-to ground sallying in winter (Zamora, 1 992) . These features 
contrast with the results reported here. High foraging rate suggests that prey 
consumed must have a high encounter rate, in contrast with availability data that 
indicate a general law prey availability. In the same way, short searching periods 
between consecutive prey suggest law selectivity in prey choice, type or size 
(Zamora, 1 992), in contrast with the selectivity analysis, which indicates rejection 
of most groups, and selection of ants and few others. Individual birds had different 
diets (Tables III and IV), consistently selected severa! types of prey (Fig. 2) and 
showed individual differences in selection patterns (Table VI) . There was mor­
phological variation in birds (Table I), but not correlation between this morpho­
logical variation and the diet features. 
To ex plain these results, an analysis of the abiotic conditions for wintering in 
Guadix is needed. The Guadix-Baza basin in winter undergoes a strong tempera­
ture inversion, in which cold air due to nocturnal radiant cooling drains from the 
mountains to the basin. This produces mild days but hard nocturnal freezes 
throughout the winter, only rarely broken by short and unpredictable stormy 
periods (Castillo-Requena, 1 989). Bare ground in most biotopes, in combination 
with harsh weather, results in difficult living conditions for arthropods, with 
temperatures allowing activity during day but lethal at night (Baie, 1 99 1 ;  Black, 
1 99 1 ) .  For strictly insectivorous birds, sunny days usually provide good foraging 
conditions ali day, but a scarcity of arthropods and low nocturnal temperatures 
represent strong handicaps for survival. As a consequence, the challenge that each 
bird must face every day is to obtain enough food by maximizing the foraging rate 
or to find high-quality prey, and overnight at low temperatures with minimum 
energetic costs. 
To obtain enough food, the Black Redstart bases its diet upon ants and soil 
weevils, and takes other prey when found. Ants construct their nests underground, 
providing a nocturnal refuge against freezing (Bale, 1 99 1 )  and allowing diurnal 
activity when the sun warms the environment. The high number of individuals per 
colon y and conspicuousness of nests make worker ants an easy target, reducing the 
Black Redstart' s searching time. Furthermore, Black Redstarts are residents and 
sometimes territorial while wintering (Zamora, 1 992; Cuadrado, 1 995), and such 
permanence in a known area makes it easy for the bird to learn the location of 
ant-nests . Soil weevils, the other main prey, are abundant in the soil during the 
winter, mainly in Medicago spp. litter (persona} observation), but low mobility 
makes this insect difficult to record in pitfall traps. Both ant nests and soil litter are 
rare in cereal crops and fallow lands because of agricultural tilling, but are 
common in Salsola-Artemisia scrublands and Retama shrublands, the natural 
habitats of the basin. This explains the most significant correlations between 
availability and diet within these two biotopes, in which the Black Redstart reaches 
its highest winter densities (up to 6 birds/1 0  ha against 0.05-0.5 birds/1 0  ha in 
cereal crops and fallow lands, H6dar, 1 996b, c). 
It i s  already known that insectivorous birds use ants as alternative food 
resource during winter, but these insects have been described as suboptimal prey 
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to be used only in emergencies. Herrera ( 1 983 ,  see also 1 978a) found ants to be 
a major source of food for a variety of wintering insectivores in sou them Spain, the 
Black Redstart among they, but these bird species shift to more profitable prey 
when availab1e. However, the data of biomass consumption (Table III) suggest a 
different view than the frequency data. The numerica1 basis of the diet is small, 
highly sclerotized, unprofitable prey like worker ants and weevils,  but a main food 
sources are large, highly profitable prey 1ike Orthoptera or Dermaptera, which are 
consumed when found; even rnillipedes are consumed despite their deterrents . 
To ovemight while rninirnizing energetical costs, the Black Redstart roosts in 
caves. For a small bird, with high thermoregulatory costs, winter roosting is highly 
expensive due to long nights and low temperatures .  Sheltered roosting can 
represent, in energetic terms, a 40 % saving compared to outdoor roosting (Calder 
& King, 1 975;  Walsberg, 1 985). In the Guadix Basin, other species such as the 
Black Wheatear (Oenanthe leucura), the Rock Sparrow (Petronia petronia) and 
the Tree Sparrow (Passer montanus), share the caves with the Black Redstart, 
taking advantage of the shelter. In nearby zones without caves,  the Black Redstart 
looks for other protected roost sites such as abandoned farms or natural shelters 
(persona] observation). 
However, these two strategies do not work during the scarce and unpredict­
able storm y and rainy periods, in which foraging is impossible. The Black Redstart 
needs to accumulate fat reserves for lean periods throughout the winter (Ekman & 
Hake, 1 990; Bednekoff et al. , 1 994; Lovvom, 1 994). In fact, fat scores in Guadix 
are much higher (5 .3 ± 0. 1 ,  Fig. 2) than recorded in other populations of Black 
Redstart wintering in rnilder zones (2.5 to 3 .4 in Cuadrado 1 995).  However, the 
accumulation of reserves requires extra food, and this necessity is the key to 
explaining the Jack of correlation between morphology and diet. When food is 
scarce but the food types are predictable, birds with higher efficiency in the more 
predictable food types have a better chance for survival, whereas individuals with 
an intermediate performance between two food types are disadvantaged (see e.g. 
Priee, 1 987). For the Black Redstart in Guadix,  the predictable and numerically 
important prey are ant workers and soil weevils, smali and unprofitable prey, 
whereas large prey, which represent roughly a half of the biomass consumed, are 
seant and unpredictable. To overwinter, an individual Black Redstart cannot 
specialize on one or another kind of prey - it needs both. The effect of this 
bipolarization is shown in the selectivity values for prey size classes (Table VI) : 
only 2. 1 -4.0 mm (ants and weevils) and up to 1 0  mm (big prey) have values close 
or up to O. 
These differences in taxonomy, size, availability and predictability of the two 
basic kinds of prey do not aliow to Black Redstart any possibility for individual 
specialization. When resources are lirnited, individua1 birds in particular, and 
animais in general, must choose, according to their morphology, between a 
genera1ist use of ali the scarce resources, or an efficient and specialized use of the 
best available resources. The second path matches morphology to ecology (Gosier 
1 987;  Priee, 1987), but sometimes, as with the Black Redstart wintering in Guadix, 
the first is the only path available. 
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SUMMARY 
Ecomorphology in birds has usually centered on the analysis of closely 
related species, and only seldom has focused on individual differences within
species. In the present study, 1 used the Black Redstart Phoenicurus ochruros to
analyse the main assumption of ecomorphological hypothesis - that is, the
correlation between morphology and ecology, on an individual level. 1 collected
both biometrie data and faecal samples from 1 4  selected individuals in a winter 
population of the Guadix Basin (SE Spain), in which birds overwinter while
enduring harsh climatic conditions and food scarcity. 1 analysed individual
correlations between morphology and diet, as weil as individual differences in diet 
selection according to availability. Diet data were highly variable between 
individual birds, though always based on worker ants and soil weevils, and in 
general showed no significant similarity with availability data. Also, birds showed 
individual differences in selectivity patterns. However, there was little correlation 
between morphological bird traits and prey characteristics . Individual birds based 
their diet on ants and weevils, ate other prey when found, and used sheltered roosts 
in order ta maintain high fat stores with which to survive unpredictable wintering
conditions .  1 suggest that the scarcity and low quality of available prey in this area
force Black Redstart to display a generalist foraging strategy, and do not allow 
individual specialization in any prey type. 
RÉSUMÉ 
Chez les oiseaux, les études écomorphologiques se sont en général focalisées 
sur l ' analyse d'espèces étroitement apparentées, plus rarement sur les différences 
individuelles infraspécifiques.  Le présent travail, relatif au Rougequeue noir 
Phoenicurus ochruros, analyse la principale hypothèse de la théorie écomorpho­
logique, à savoir l ' existence d'une corrélation au niveau de l ' individu entre 
morphologie et écologie .  Des données biométriques et des échantillons de fèces 
ont été recueillis sur 1 4  individus d 'une population hivernale du bassin de Guadix 
(sud-est de l 'Espagne) où les oiseaux hivernent, éprouvant des conditions 
climatiques difficiles et une nourriture raréfiée. Les données relatives au régime 
alimentaire variaient fortement entre les individus bien que soulignant toujours 
une base de fourmis et de charançons du sol et, en général, ne montraient aucune 
relation significative avec les données sur la disponibilité de la nourriture. Les 
oiseaux affichaient également des différences individuelles dans leurs patrons de 
sélection des proies . Toutefois, la corrélation était faible entre les traits morpho-
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logiques des oiseaux et les caractéristiques des proies .  Les individus fondaient leur 
régime alimentaire sur les fourmis et les charançons, consommant d' autres proies 
au fil des rencontres et utilisant des reposoirs protégés afin de maintenir de fortes 
réserves adipeuses leur permettant de survivre dans des conditions hivernales 
imprévisibles. Il est suggéré que la rareté et la faible qualité des proies disponibles 
dans la région d'une part forcent le Rougequeue noir à se comporter en généraliste 
dans sa stratégie d' approvisionnement alimentaire et, d ' autre part, n ' autorisent 
aucune spécialisation individuelle sur un quelconque type de proie. 
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